Vector correlation functions at high temperature
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How to extract spectral properties from correlation functions?



The correlators in quenched formulation Eq. (2.81)) and Euclidian time 7 € [0,1/7] ({...)
denotes the expectation value at finite 7) have the form

Gulzp, ) = (Tulzp)T (@)
= 5 [ Wdidw @GalepTuvn(ep) (Goeilhvate)) e
- ;/dU Tr (M_l(xf,xi)I‘HM_l(mi,xf)FL>
—Tr (TuM Yay,ay)) Tr (FLM_I(xi,xi)> e56U) (2.152)

= $Z© xf—xiQQ xy, (2.153)

where A and B are the different quark flavors, while Tr implies the trace over color and Dirac
indices. The second term describes disconnected diagrams in which each of the quark line
starts and ends at the same point. In case of the correlators with A £ B the contributions

from the disconnected diagram vanishes. Taking advantage of Eq. (2.102)) we then find our
two-point function

Gulaga) = ( T (M7 @g2) i (M) g 230 ) ) - (2.154)

This corresponds to non-singlet (isovector) channels (I = 1), which we consider from now



Spectral functions at high temperature
Free theory (massless case):

free non-interacting vector spectral function (infinite temperature):

Pl (W) = 2rTwé(w)
3

plr¢(w) = 27TT2w5(w)+2—w2tanh(w/4T)
T

o-functions exactly cancel in p, (w)=-p,,(w)*p;;(w)

With interactions (but without bound states):

while p_, is protected, the j-funtion in p,, gets smeared:

at leading order

Ansatz:
poo(w) = 2mywi(w)
wl'/2 3 o
pii(w) = 2quBWw2 (/2 + 27T(l + k) w® tanh(w/4T)

Ansatz with 3-4 parameters: (xq),cBw, L, K

[“Thermal dilepton rate and electrical conductivity...”,
H.T.-Ding, OK et al., PRD83 (2011) 034504]



Electrical Conductivity

Electrical Conductivity «——> slope of spectral function at w=0 (Kubo formula)

g Cem .. pii(waﬁ: O,T)
— = lim
T 6 w—0 wT’
7 5/9 > for nj =2
Cem = ¢ 1 =
‘ f;@f 6/9 2 for ns;=3

Using our Ansatz for p,,(w):



Continuum extrapolation
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Continuum extrapolation
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Continuum extrapolation

continuum extrapolated correlators
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Spectral function and electrical conductivity

Use our Ansatz for the spectral function

poo(w) = 2mxwi(w)

wl'/2 3 5
pii(w) = 2x.cBW 1 ([/2) + 277(1 + k) w® tanh(w/4T)

and fit to the continuum extrapolated correlators
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[H.T.-Ding, OK et al., PRD83 (2011) 034504]

all three temperatures are well described by this rather simple Ansatz



Spectral function and electrical conductivity

Use our Ansatz for the spectral function

poo(w) = 2myxqwi(w)
wl'/2 3
i = 2
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Analysis of the
systematic errors

using truncation of the
large w contribution
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electrical conductivity



Electrical conductivity

T-dependence of the electrical conductivity:
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Electrical conductivity

T-dependence of the electrical conductivity:

1.2

0.8

0.6

0.4

0.2

. /T




C. Thermal dilepton and photon rates

The vector spectral function is directly related to the thermal production rate of dilepton pairs

with squared invariant mass w? — p?,

dwd3p 673 (W2 —p?)(ew/T —1)

dNj+;- 2 p, T
1+l Ao pV(wapa ) (1114)

where ae,, is the electromagnetic fine structure constant.

The vector spectral function at light-like 4-momentum yields the photon emission rate of a

thermal medium,

w d3p T M4n2 ew/T 1

ARy _ o Gempy(@=1p1,T) (I1.15)

The emission rate of soft photons, thus can be related to the electrical conductivity,

_ dr, 3



In the limit w — 0 the results for p;;(w)/w, and thus also for the electrical conductivity, are

sensitive to the choice of fit ansatz. Within the class of ansitze used by us a small value of

pii(w)/w seems to be favored. Our current analysis suggests,

2 < 1m 2 <6 at Te145T
w—0 WwT

This translates into an estimate for the electrical conductivity

1

1/3 5
/NCEm

<1 at T~1457T,.

~

NlQ

Using Eq. IL1.15 this yields for the zero energy limit of the thermal photon rated,

dR
lim w——= = (0.0004 — 0.0013)72? ~ (1—-3)-107° GeV® at T ~145T, .

w—0 ddp

(VL1)

(V1.2)

(VL3)



Dilepton rates

Dileptonrate directly related to vector spectral function:
dW 5o 1

f— V w T
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Spectral function and electrical conductivity

poo(w) = 2myxewd(w)

wl'/2 3 9
pii(w) = 2x.cBW o7 1 (D)2 + 27r(1 + k) w® tanh(w/4T)

Fitting the continuum extrapolated correlation function Gi;(r7T') in the interval 0.2 : 0.5] to-
gether with the second thermal moment G};’ to constrain the fit, we obtain

k = 0.0465(30) , T = 2.235(73) , 2cawXy/T = 1.008(27) . (V.8)

This three parameter fit has a y?/d.o.f. = 0.06 for 12 degrees of freedom. The small y?/d.o.f.
clearly reflects that even after the continuum extrapolation data at different distances are strongly
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Electrical conductivity

. . . . Cem 1i pzz(waﬁ: 0, T)
T-dependence of the electrical conductivity: — = 1m
T 6 w—0 wT
G.Aarts et al., arXiv 1307.6763 T/T
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Aarts et al.: 2+1-flavor dynamical Wilson fermions on anisotropic lattices (Ns=24-32 Nt=16-48)
(cut-off effects and energy resolution determined by spatial lattice spacing)
Brandt et al.: 2-flavour dynamical Wilson fermions on isotropic lattices (Ns=64 Nt=16)



Lattice cut-off effects — free spectral functions

[G.Aarts et al., JHEP11(2011)103] [H.T.Ding, OK et al., arXiv:1204.4945]
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[see also F.Karsch et al., PRD68 (2003) 014504]



Electrical conductivity

. . . . Cem 1i pzz(waﬁ: 0, T)
T-dependence of the electrical conductivity: — = 1m
T 6 w—0 wT’
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Our primary observables are the Euclidean vector current correlators and their spectral repre-
sentation:

*dw cosh[@(B/2—17)]

Guy(t /ds (Ju(7,%) Jy (0)) = [ 3 puvl@.T) = s 2.1)

with J, (x) = % (ii(x) yuu(x) — d(x)yud(x)) the isospin current. For a given function p(®,T), the
reconstructed correlator is defined as

cosh[ w8 - 1)
G*(7,T;T") / — p(0,T W' (2.2)

It can be interpreted as the Euclidean correlator that would be realized at temperature 7' if the
spectral function was unchanged between temperature 7 and 7’. For T’ = 0 it can be directly
obtained from the zero-temperature Euclidean correlator via [6]

G*(1,T) =G (1,T;0) = Y G(|t+mpB|,T =0). (2.3)
mez

In the thermodynamic limit, the subtracted vector spectral function obeys a sum rule (see [1] sec.
3.2),

< d
/ %O Ap(0,T) =0, Ap(0,T) = pii(0,T) — pii(®,0). (2.4)

—o0



Electrical conductivity

T-dependence of the electrical conductivity: T~ 6 m, w;
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Non-zero momentum

[M.Mdller et al., preliminary 2013]
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Non-zero momentum

[M.Mdller et al., preliminary 2013]
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Pseudo-scalar channel
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in contrast to the vector channel
no transport peak expected in the pseudo-scalar channel
still strong correlations visible in the pseudo-scalar channel

spectral function still needs to be determined!
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Figure 7.5: Results of a MEM analysis on the pseudo scalar correlator. Left: The low

frequency region of p(w)/wT is shown. Right: The full spectral function is
given in units 1/w?. Note the index in pyfiﬁ/{i% shows which default model

was used as input.



